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ORGANIZER FRAME FOR A PERISTALTIC PUMP 



5 Field of the Invention 

The present invention relates to 
peristaltic pxmps and related apparatus. More 
particularly, the invention relates to a disposable 
sets for peristaltic pumping apparatus suitable such 

10 as blood processing devices. 
Baclcaround of the Invention 

Various automated hemapheresis systems for 
separating whole blood into two or more of its 
constituents have been utilized in the past. Such 

15 devices are shown in Schoendorfer U.S. Patent No 
4,851,126 and Schoendorfer et al. U.S. Patent 
5,188,588, the disclosures of which are incorporated 
herein by reference. 

Such systems are adapted for blood cell 

20 separation generally emd often specifically for 
platelet separation. In general, such systems 
collect whole blood from the donor, separate the 
desired cells and return the remaining blood 
components to the donor usually through a single 

25 needle. Although a separate return needle can be 
used, it is preferred that a single venepuncture 
needle be used both for collection and reinfusion. 
Hemapheresis systems generally include a disposable 
set of bags, reservoirs and conduits. The use of 

30 peristaltic pumps to cause the blood fluids to move 
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through the syst m is preferred because the blood 
and separated blood components can be moved through 
the device while it is wholly contained within the 
sterile disposable components, which are commonly 
5 referred to as a harness set. Harness sets include, 
at least, one venepuncture needle, at least one 
separation device for separating blood into its 
components, and at least one reservoir for 
containing blood. A plurality of conduits connects 

10 the needle, the separation device and the reseirvoir 
to each other. The conduits include a section 
foraed of flexible elastomeric material so that 
blood can be moved through the conduits by means of 
peristaltic roller pxxmps. 

The preferred type of system includes, as 
a minimum, a single venepuncture needle, separation 
means for separating at least one constituent from 
whole blood, first and second reservoirs containing 
blood, a first conduit interconnecting the needle 

20 and the first reservoir, a second conduit 
interconnecting the first reservoir and the 
separation means, a third conduit interconnecting 
the separation means and the second reservoir, and 
a fourth conduit for retuiming blood components to 

25 the needle. Preferably, four separate peristaltic 
pxmps are provided to move the blood and the blood 
components through the conduits. 

Typically, systems of this general type 
also include a microprocessor for controlling a 

30 number of pumps, clamps, detectors, monitoring 
systems, et cetera, for automating the collection of 
whole blood from the donor, separating the blood 
into plasma and cell concentrate, collecting the 
plasma and reinfusing the cell concentrate into the 

35 donor using the harness set applied to the 
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instrument. After application of venepuncture to 
the blood donor, the instrvuaent operates between 
alternating collection and reinfusion cycles. In 
the collection cycle, anticoagulated whole blood in 
5 pumped by a blood puxap to the separator of the. 
harness where it is separated into plasma which 
flows into a collection container and cell 
concentrate which flows to a reinfusion reservoir. 
In the reinfusion cycle, the blood pump reverses to 

10 flow cell concentrate from the reservoir through the 
phlebotomy needle to the donor. 

Peristaltic pumps are also used for the 
delivery of other liquids such as medications, 
additives to fluid mixing processes, etc. A need 

15 has continued to exist for such apparatus that is 
compact and easy to use and for improved disposable 
conduit or harness sets for use in conjunction with 
such apparatus. 
gtanmarv of the Invention 

20 The invention provides a frame for holding 

an array of flexible tubing. The frame holds the 
flexible tubing array with at least two linear 
segments of the flexible tubing array presented for 
alignment with at least two axially aligned 

25 peristaltic pximp rotors. 

In a preferred embodiment, the frame also 
includes means for holding at least one segment of 
the flexible tubing array for alignment with a tube 
clamp or sensing device while the other at least two 

30 segments are presented for alignment with the pump 
rotors . 

These and further objects and advantages of 
the present invention will become more apparent on 
reference to the following detailed description, 
35 appended claims and drawings. 



Brief Description of the Drawings 

Figure 1 is a perspective view of a 
portable autopheresis device of the present 
invention with the cover in the closed position; 

Figure 2 is a top plan view of an 
embodiment of a harness set ussUDle in connection 
with the present invention; 

Figure 3 is a front elevational view of a 
device in accordance with the invention with the 
piamp module cover in the closed position and 
illustrating the open position of the cover by means 
of phantom lines; 

Figure 4 is an end view of the device of 

Figure 3; 

Figure 5 is a perspective view of a device 
in accordance with the invention with the harness 
set installed; 

Figure 6 is a cross-sectional view of a 
pump module assembly in accordance with ^the 
invention taken the central shaft of the assembly; 

Figure 7 is a cross-sectional view taken 
along line 7-7 of Figure 6; 

Figure 8 is a cross-sectional view taken 
along line 8-8 of Figure 6; 

Figure 9 is a cross-sectional view taken 
along line 9-9 of Figure 8; 

Figure 10 is a fragmentary sectional view 
of a pump assembly taken along line 10-10 of Figure 
6 with blood flow tubing added and with an 
individual release mechanism in the open position; 

Figure 11 is a fragmentary cross-sectional 
view taken along line 10-10 of Figure 6 showing the 
individual release mechanism in the closed position, 
also showing the blood flow tubing; 

Figure 12 is a perspective vi w of the piimp 
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module assembly and organizer frame compon nts of 
the invention shown separated from each other for 
clarity; 

Figure 13 is a top plan view of the pump 
5 module assembly showing the organizer and blood 
tubes in place over the pumps; 

Figure 14 is a top plan view showing tubing 
clamps used in the device of the invention; 

Figure 15 is a cross-sectional view taken 
10 along line 15-15 of Figure 14; and 

Figure 16 is a cross-sectional view taken 
along line 16-16 of Figure 15. 
Detailed Description of the Drawings 

Referring now to the drawings, there is 
15 illustrated a portable autopheresis device, 
generally designated 10. Device 10 includes a 
bottom portion 12 and a cover portion 14 hinged 
along an axis 16. A carrying handle 18 is provided 
which is hingedly connected to bottom portion 12 at 
20 hinge points 19. . 

Referring to Figure 2, there is illustrated 
a disposable ttibing or harness set generally 
designated 20. In accordance with the invention, 
harness set 20 is applied to the hemapheresis device 
25 10 as illustrated in Figure 5 to effect collect of 
whole blood from a donor through a single needle, 
separation of the whole blood into packed blood 
cells and platelet poor plasma, and reinfusion of 
the packed blood cells to the donor. 
30 Tubing set 20 is provided with a single 

venepuncture needle set 22 for alternately receiving 
whole blood from a donor and reinfusing packed cells 
into the donor. Venepuncture needle set 22 
communicates with a blood line 24. An anticoagulant 
35 line has an anticoagulant spike 18 at ne end for 
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reception in an anticoagulant supply container 30 
illustrated in Figure 5. At its opposite end, 
anticoagulant line 26 joins blood line 24 in a Y- 
connection closely adjacent the single venepuncture 
5 needle 22. 

Tubing set 20 also includes a reservoir 32. 
Blood line 24 is connected through port 38 at the 
lower end of the reservoir 32. Tube 44 extends 
into reservoir 32 through an inlet port 48 at the 

10 upper end of reservoir 32. Blood line 24 branches 
at a Y-connection 50 to branch line 52 connecting 
blood line 24 with inlet port 38 of reservoir 32, 
and to branch line 34 connecting blood line 24 to 
separator inlet 60. 

15 Tubing set 20 additionally includes a 

separator 56 for separating anticoagulated whole 
blood into packed cells and plasma. Such separators 
are prefereJDly of a membrane type, known in the art. 
Separator 56 has a whole blood inlet port 60, a 

20 packed cell outlet port 58 and a platelet poor 
plasma outlet port 62. Line 64 connects the packed 
cell inlet port 48 of researvoir 32 with the outlet 
port 58 of separator 56. Conduit line 66 connects 
the whole blood inlet port 60 of separator 56 by 

25 means of Y-connections as shown with tubing 24. By 
means of a Y-connection tubing 66 is also connected 
by tubing 69 to a saline bag spike 71. Lines 25 and 
67 lead to pressure sensors. Tubing 68 connects 
between the plasma outlet port 62 of separator^ 56 

30 and a plasma collection container 70. 

A tubing organizer 72, which may be formed 
either of solid or cellular plastic material, in the 
form of a rectangular frame open in the middle, is 
provided to hold the various txibing in a desired 

35 orientation. The tubing is snapped in place into 



slots 74 provided in the plastic material. The 
segments of the various ttibes interacting with the 
pump assembly are, thus, positioned in registry in 
relation to the pumps* The organizer can remain in 
place during the pumping operation, and the tubing 
can conveniently be removed as a unit. Preferably 
the organizer 72 is of an L-shaped configuration to 
provide physical stability and resistance to 
twisting. Lips 76 can be provided to snap into 
mating recesses in the cover of the pump assembly as 
further explained below. 

It is further contemplated that a second, 
alternative, tubing set may also be employed 
substantially as described in U.S. Patent 4,851,126. 
The second tubing portion is generally utilized in 
order to further separate the blood into platelet 
concentrate and platelet poor plasma. The 
alternative tubing set is applied to the pump 
assembly of the present device in a manner similar 
to that described above in relation to the plasma 
collection tubing set described above. 

Referring to Figures 3, 4 and 6-12, the 
pxmp module assembly generally identified by numeral 
100 is shown in greater detail. A housing 102 is 
provided within bottom portion 12 of the 
hemapheresis device. Housing 102 is provided with 
a cover 104 pivotally attached to a bracket 105. 
Cover 104 is releasably locked in a closed position 
by means of handle 106 provided with a clevis 108 
that engages opposite ends of a pin 110. Mounted in 
the upper part of housing 102 are a series of 
peristaltic pump rotor assemblies 112, 114, 116 and 
118, hereinafter referred to as "pumping modules", 
all of which are mounted on a single axle 122. Each 
f these pvimping modules is provided with a 
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plurality of rollers 120, of which there are four in 
the illustrated embodiment. Shaft 122 is joumaled 
at its opposite ends in a bearing structure 124 
provided at opposite ends of housing 102. Each of 
the rollers 120 is outwardly biased by compression 
springs 126. 

As seen in Figure 6, the roller pump rotors 
may each be formed of two-part sheaves to which 
drive gears 128 are bolted. Releasable race 
surfaces 130 and stationary race surfaces 131 are 
provided to backstop the blood flow conduits when 
they are worked on by rollers 120 as best seen in 
Figures 10 and 11. The compression of the flexible 
tubes by the rollers 120 of the pvimps provides a 
peristaltic pumping action which moves fluid through 
the conduits. Reversible DC motors 132, 134, 136 
and 138 (not shown) are provided to reversibly drive 
each of the pumping modules 112, 114, 116 and 118. 
Gears 140 are attached to the motor shafts 142. 
Each of the gears 140 meshes with a driven gear 144 
each of which are mounted on shafts 146 joumaled 
for rotation through a supporting bracket 147. 
Gears 144 in turn drive gears 152 which are mounted 
on shafts 154 which are joumaled for rotation 
through end walls 148 of housing 150. At the 
opposite ends of shafts 154 are mounted drive gears 
156 which mesh with and drive gears 128 on each of 
the pumping modules. 

While the embodiment shown in the drawings 
illustrates the same gear ratios between each of the 
motors and its respective pumping module, it will 
be apparent that the gear ratios can be varied if it 
is desired that one of the pumping modules 112, 114, 
116 or 118 be driven at a speed different from that 
of the other of said pumping modules. Also it is 
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contemplated that a different niunber of pimps, for 
example 2 or 6 can be incorporated into the pximp 
assembly. An assembly of four pximps is shown solely 
for purposes of illustration. 

By opening lever 106 the axle 122 and each 
of the pxmps mounted on it can be removed as a unit 
as best seen in Figure 12* For example, in the 
event of a blood spill the entire assembly can be 
removed with one hand for cleaning, or otherwise, 
for maintenance. Additionally, each of the concave 
race surfaces 130 can be individually released as 
shown in Figures 8, 10 and 11. Individual release 
mechanisms are provided by the use of release 
handles 160 which are pivotally attached to a rod 
162 carried on cover 104. An eccentric end 164 of 
lever 160 bears against the upper surface of each 
individual member 132, the lower end of which forms 
race 130. Thus, when the lever 160 is in the closed 
position illustrated in Figure 11, the roller 120 
flattens conduit 44 between the roller and race 
surface 130, thus, causing blood to be moved through 
conduit 44 in peristaltic fashion as the roller 120 
is advanced. In the released position shown in 
Figure 10, the flow of blood through conduit 44 can 
be interrupted. The ability to individually release 
the pumping modules is useful for system fault 
isolation, emergencies, and other non-programmed 
operational modes. 

The relationship or organizer 72 with the 
pump module assembly 100 is best seen by referring 
to Figures 12 and 13. An internal cover 133 is 
positioned over piamp module assembly 100. Internal 
cover 133 has a series of openings 135 through which 
the rollers 120 are exposed. Indented channels 134 
are aligned with openings 135 to receive the various 



wo 95/14172 



PCT/DS94/13319 



- 10 - 

blood tubes. Additional indented grooves 136 are 
provided over the entire transverse width of cover 
133 to accommodate blood tiibing that is not to be 
engaged or acted on by any of the peristalsis pimps. 
5 Cover 133 is further provided with exterior 
shoulders 138 that closely inter fit with the 
interior surfaces of organizer freune 72. Placement 
of the freme 72 over cover 133, thus, provides a 
mating fit by virtue of which the blood tubes are 

10 placed in precise registry with grooves 133 of 4 or 
136, as required. Organizer frame 72 is provided 
with projecting lips 76 that engage recesses 140 at 
the opposite ends of cover 133 to positively allow 
the organizer frame 72 to be snapped and held in 

15 place. 

In addition to pximp module assembly 100, 
cover 104 overlies projecting element 80 that is 
provided with a series of slots 82. Slots 82 are 
provided with lateral openings 83 which accommodate 

20 clamp fingers 84 that, if required, can clamp off 
conduits 34, 52 and 68 as seen in Figures 14-16. 
Fingers 4 can be operated by rocker arms 88 and 89 
which are actuated by solenoid valves 86 and 87 are 
each controlled by software that operates each of 

25 the successive operations of apparatus 10. Thus, 
for example, when blood is being reinjected into the 
patient, toibing 34 is clamped closed so that saline 
solution cannot enter tubing 24. Similar cleimping 
or unclamping steps will be apparent to those 

30 skilled in the art. 

It will be noted in connection with the 
preferred embodiment that pump drive motors 134 and 
136 are approximately half of the length of the pump 
module, thus, allowing four motors to be located 

35 under the pxmp module assembly. The gear reduction 
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assembly has symmetry about the center plan of the 
pump module assembly and is located outside of the 
housing 150. Shafts 154 are provided with seals to 
prevent blood or other fluids from entering the main 
5 body of the machine from within housing 150 in the 
event of a spill. It will be noted that since the 
piamping modules are radially removable from the gear 
train; they are removable for cleaning and 
maintenance without disturbing the balance of the 

10 equipment. 

While the invention has been described in 
connection wiWi the foregoing specific embodiment, 
it is to be understood that the invention is not to 
be limited thereto, but on the contrary it is 

15 intended to cover various modifications and 
equivalent arrangements included within the spirit 
and scope of the appended claims. 
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What is claimed ia s 

1. A disposable set for a blood 
processing device comprising an array of flexible 
tubing and a frame having means for holding the 
flexible tubing array with at least two linear 

5 segments of the flexible tubing array presented for 
alignment with at least two axially aligned 
peristaltic pump rotors. 

2. A set according to claim 1 wherein the 
frame also includes means for holding at least one 
segment of the flexible tubing array for alignment 
with a tube clamp or sensing device while the other 

5 at least two segments are presented for alignment 
with the pump rotors. 

3. A frame for holding an array of 
flexible tubing for a blood processing device of the 
type that includes a base surface, a pumping rotor 
carrying rollers circumferential ly spaced spaced 

5 about its periphery, at least a portion of the 
pximping rotor extending through the base surface, 
the rotor being mounted for rotation on an axle that 
extends parallel to the base surface with the 
rollers spaced radially from the axle, and a cover 

10 on the base surface carrying a race aligned with the 
rotor to cause peristaltic liquid flow in a flexible 
conduit positioned between the rollers and the race, 
the frame including means for registering with the 
cover for placing a segment of the flexible conduit 

15 in alignment with the rotor. 

4. A frame for holding an array of 
flexible tubing for a blood processing device of the 
type that comprises a base surface, a plurality of 
pumping rotors each carrying rollers 

5 circumferentially spaced spaced about its periphery, 
at least a portion of the pxmping rotors extending 
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through the base surface, the rotors being mounted 
for rotation on an axle that extends parallel to the 
base surface with the rollers spaced radially from 
the axle, and a cover on the base surface carrying 
5 a plurality of races aligned with the rotors to 
cause peristaltic liquid flow in a flexible conduit 
positioned between the rollers and the races, the 
frame including means for registering with the cover 
for placing a segment of the flexible conduit in 
10 alignment with each one of the pumping rotors. 



wo 95/14172 



PCT/US94/13319 




wo 95/14172 



PCT/US94/13319 




wo 95/14172 



3/9 



PCT/DS94/13319 




wo 95/14172 PCT/DS94/13319 

4/9 




wo 95/14172 



PCTAJS94/13319 




wo 95/14172 



6/9 



PCT/US94/13319 




wo 95/14172 



7/9 



PCT/US94/13319 




wo 95/14172 



8/9 



PCTAJS94/13319 




wo 95/14172 



9/9 



PCT/US94/13319 




INTERNATIONAL SEARCH REPORT 



Intel-national application No. 
PCT/US94/13319 



A. CLASSinCATION OF SUBJECT MATTER 
IPC{5) :F04B 43/08 

US CL :417/475, 477.2, 477.9 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. HELPS SEARCHED 

Minimum documentation searched (ciassification system followed by classification symbols) 
U.S. : 417/475. 477.1, 477.2. 477.9; 604/174 



Documentation searched other than minimum documentation to the extent that such documents are included in the Fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search lenns used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 3,740,173 (NATELSON) 19 JUNE 1973, col. 2, line 
31 - col. 4, line 17. 



US, A, 3,876,340 (THOMAS) 08 APRIL 1975, col. 3, lines 
20-25. 

US, A, 3,374,509 (LOGAN ET AL) 26 MARCH 1968, see 
entire document. 

US, A, 4,385,630 (GILCHER ET AL) 31 MAY 1983, col. 6, 
lines 7-28 . 

US, A, 4,473,342 (ILES) 25 SEPTEMBER 1984, col. 3, line 
14 - col. 5, line 69. 



3 

1, 2, 4 
1, 2, 4 



1-4 



X Further doctnoents are listed in the continuation of Box C. See patent family annex. 



Spectsi c t e g orici of cited documcata: 

docunwotdefainig the geoenl stittft of the «rt whkb b 
to be of pnticulu' relmaoe 

eorlbr docmDcnt published oo or afler the intematioiiftl rUtng dale 

document which nuy throw doubtt oo prionty clatm(s) or which ii 
cited to cstabUih the pubBcatioQ dale of toother cttotioo or other 
■pecta] reaaoQ (as specified) 

document feferring to an oral duclosure. use. exh&itton or other 



the prioriQf date ckhned 



*T* later document pubtiifaed after the inienuilional filing dnte or prionty 

date and not to conflict with the applicstion but cited to underaiimd the 
principle or theocy underlying the invention 

'X* document of particular rekvonce; the claimed invention cunniM K- 

considered novel or cannot be connidered lo invnive im invirniivc Rtcp 
when the document a taken alone 

*Y* document of pajtieular relewance; the cbimed invention cannot be 

couidered to tnvohre an inventive step when the document in 
combined with one or more other such documents, such comhinniinn 
being obvious to a penon skilled in the art 

document member of the same potem Aunity 



Date of the actual completion of the international search 
28 DECEMBER 1994 



Date of mailing of the international search report 



22 FEB 1995 



Name and mailing address of the ISA/US 
Commissioner of Patents and TrademartB 

Box per 

Washington, D.C. 20231 
Facsimile No. 



Authorized officer ^ 

PETER G. KORYTNYK 
Telephone No. a03) 308-2632 



)RYTNYK / 



Form PCT/lSA/210 (second 8heet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



h. .laxional application No. 
PCTAJS94/13319 



C (Coniinualion). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


us. A, 5,096,393 (VAN STEENDEREN ET AL) 17 MARCH 
1992, col. 3, line 57 - col. 4, line 66. 


1-4 



Form PCT/lSA/210 (continuation of second sheet)(July 1992)* 



